FOR a featherless biped without wings, man (or woman of course) hasn't done badly at getting off the ground and into the air. Brain rather than brawn has sent a few hundred persons higher into space than any except the most avid science fiction buffs thought possible, but these celestial explorers are cocooned in the familiar earth's atmosphere, not exposed to the thin cold void of space. Some day, technology may find a way to move us toward infinity without encumbrances, but not for a time. Today, those who go a few miles above the earth must either take their air with them or risk a variety of unpleasant to fatal consequences. The same is true of unfortunates whose oxygen delivery systems fail -either from disease or injury, or failure of mechanical safeguards.
It is my privilege to discuss with you a few aspects of man's ventures to altitude initiating other presentations which will show how far we have come since Icarus, Cavallo, Acosta, Bert, Haldane, Barcroft and Whymper, Odell, and Mallory. First I wish to review some important landmarks in our exploration of the atmosphere in which we live much like fish in water. Then I will touch on our awakening awareness of what too little oxygen will do to unprotected man, leaving to others a detailed description of altitude illness as we know it today. I will review some of the work which mv colleagues and I have been doing high on Mount Logan in the Canadian Yukon for the past 10 years, and finally I shall try to relate what happens to healthy persons at altitude to the signs and symptoms of lack of oxygen due to disease or injury at sea level.
Only in this century have we been able to move almost at will wherever we wish in the thin envelope of air about the earth, and beyond where molecules are miles apart. Before now wax wings have melted in the heat of the sun, evacuated copper spheres have collapsed, 'airships rowed by oarsmen' have refused to lift off, and balloons moved at the whim of many capricious influences. Until this century we went above sea level on foot or on horse-back, very rarely by elephant or camel or yak. One wonders but cannot even approximate, just what percentage of earth's population in any given century in the past has tried to go high into the sky. I suspect that the incidence of astrophilia may have been constant throughout our complicated evolution.
Noah, the first and perhaps only mountaineer to reach his goal by boat, under circumstances which are not expected to recur, took 40 days to get there from sea level. He and his passengers did have motion sickness and some are alleged to have had bad hangovers, but none suffered from altitude illness (often confused with the fruits of overindulgence), even though Arrarat is 5500 m high. Moses of course climbed on his own two feet but to a lower and innocuous altitude: Mount Sinai is only 2200 m high, an altitude noticeable perhaps to jet-propelled vacationers but rarely if ever to climbers. There were others. We know that the Altiplano of South America, an area of some 170 000 square kilometers, most of which is above 3500 m, has been densely populated at various periods in the last 10 000 years and perhaps much longer. We Not far behind exploration of the environment about us came equally wonderful understanding of how the human body functions. Galen had an approximate understanding of at least part of the circulatory system 150 years before Christ, for he knew that the heart pumped blood through vessels, but believed that the lungs served only to cool a portion of the blood, and that blood passed from the right to the left side of the heart through tiny pores. Galen's teaching was established doctrine until Servetus described the pulmonary circulation, paying for this unorthodoxy at the stake in 1553, but confirming observations made about 1250 by a mysterious Persian Ibn-an-Nafis, and paving the way for Colombo's great book de re Anatomica in 1559 and for the giant step taken by Harvey in 1628.
The cellular components of blood were recognized immediately by Leeuwenhoeck when he developed his microscopes. Lower reported that blood changed from dark to bright red when exposed to oxygen and the functions of haemoglobin were further analysed by van Liebig (1850) and Hoppe-Seyler (1870) who was a friend of Paul Bert whom we shall soon meet again. Once the circulation of the blood had been clearly understood, the functions of its components could more rationally be grasped, and concurrent developments in chemistry and analytical techniques led to a rush of discovery which is still accelerating.
All of this is fascinating evidence that priority in science is a will-o'-the-wisp, that knowledge is rarely if ever absolute, and that frontiers exist to be breached. Most The majority of volunteers are medical students or in some field related to human physiology; all are between 20 and 29 years of age, in excellent health, with some big mountain experience. Men and women are equally eligible. We have had an exceptional group of people and the project has become not only rewarding, but fun as well. The scientific core group has been together for many years, although new people are added each year. Over the last 10 years our work has included the following broad topics: 1. Distribution of water and electrolytes between the 3 body compartments. 2. Changes in hormone and electrolytes in blood and in urine during acute illness and after acclimatization. 3. Alterations in blood platelets. 4. Changes in pulmonary mechanics and in ventilation. 5. Factors limiting exertion at altitude. 6. Prediction of susceptibility to altitude illness by measuring respiratory response to various stimuli. 7. Examination of stages of sleep by EEG and association of sleep stage with arterial oxygenation. 8. Modification of altitude illness by medication, including alterations in sleep desaturation. 9. Evaluation of frequency, severity, precipitating factors and course of altitude retinopathy. After several years of effort, but only some data which we consider reliable and reproducible, we abandoned the first 2 studies because of the unpredictable effects of daily variations in sodium and potassium in diet and the difficulty of accurately measuring fluid intake and output. Twice we made heroic efforts to obtain exact measures of potassium, sodium and water intake, but reluctantly concluded that this was simply not practical at Logan High. Then last year, 4 dedicated volunteers tried a rigid formula diet, which I had found quite acceptable for one week at sea level, but they could not accept it for more than a few days at 5360 m and were depressed, irritable and weak after 24 hr. We have concluded that proper metabolic studies are not feasible at a site such as Logan High because, unless intake and output of electrolytes and water are carefully controlled, contradictory and variable data will emerge. Though some of our observations match data in the literature, others do not; furthermore there is wide variation and contradiction among published reports by others.
One theory of aetiology of high altitude pulmonary oedema rests on the observation that platelets tend to clump to form micro-emboli when ambient pressure is reduced (either in divers returning to surface or persons ascending to altitude). Such emboli have been found in the lungs at post-mortem of persons dying from altitude illness, and using radioactively tagged platelets we have demonstrated such aggregates by scanning the lungs of persons taken to altitude in a decompression chamber. We have also shown a fall in platelets during ascent and stay at Logan High, but a great deal more needs to be done before the platelet emboli theory is proved or disproved. We are continuing the work in a chamber and on Logan.
We have also made a variety of preliminary studies of pulmonary mechanics at various stages in adjustment of altitude at Logan High, supplemented by short term decompression chamber runs in which lung density can be determined non-invasively. Unfortunately, use of this technique is not possible in our mountain laboratory at present. Our work on Logan and in the chamber supports our belief that interstitial oedema often develops early in altitude exposure, well before clinical alveolar oedema is detectable, and may either subside spontaneously or progress to frank pulmonary oedema, a serious, often fatal disease at altitude.
We are actively examining the factors which limit exertion at altitude, a subject which fascinates all climbers and many physiologists and of which we will hear more at this meeting. We find that maximum power output is reduced by half at 5360 m in fresh arrivals as well as in those partially adjusted by 5 weeks of residence. Both recent and earlier arrivals achieve maximal pulse rates 15-20%4 lower than achieved at sea level. Inability to move enough air limits exertion in most subjects at altitude, whereas muscle fatigue is limiting at sea level.
We have found no reliable predictor of those who would be most or least affected by altitude.
Major alterations in breathing occur during various stages of sleep, and these result in significant arterial oxygen desaturation. The fall in saturation during sleep parallels the severity of morning headache but is not related to other symptoms. Length of stay at altitude does not alter the extent of arterial desaturation nor affect breathing irregularity. Acetazolamide abolishes the periodicity of breathing, raises arterial oxygenation appreciably, and produces sleep which is, so to speak, more restful. However, acetazolamide does not alter awake oxygenation, a finding in accord with data which show no significant increase in pulmonary ventilation attributable to acetazolamide. Others 
